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Dilator effect of bradykinin and acetylcholine in cerebral vessels
after brain lesion. Vasodilation elicited by bradykinin (BK) or
acetylcholine (Ach) (10 nM–10 mM) in isolated rat cerebral
arteries was studied under control conditions, after sham treat-
ment, and after cold lesion (placing a cooled metal probe on the
exposed dura) of the cortex. After 24 or 48 hours, isometric force
was measured in ring segments of basilar (BA) and middle
cerebral arteries (MCA). Concentration-effect curves were con-
structed after precontraction with 100 mM uridine triphosphate
(MCA) or 1 mM serotonin (BA). In MCA and BA, BK elicited
similar relative relaxations with maxima of 40.9 6 1.5% and 40.7
6 3.1%, respectively, at 1 mM. Ach-induced relaxation in BA was
much stronger with 82.0 6 5.8% at 1 mM. MCA did not relax
consistently to Ach. Relaxation to BK in MCA segments was not
different between sham-treated and untreated animals. After cold
lesion, the dilation to BK (1 mM) was significantly reduced at 24
hours from 0.7 6 0.06 to 0.4 6 0.06 mN. At 48 hours, this decrease
was partly reversed (to 0.5 6 0.07 mN). In BA, there was no
difference in Ach-induced relaxation between cold-lesioned or
sham-treated animals. In summary, the nitric oxide (NO)-medi-
ated response to BK in MCA is attenuated 24 hours after cold
lesion. This damage to the BK/NO system is partly reversed 48
hours after the lesion.
Following a primary brain insult, secondary damage
develops over several hours and consists of blood-brain
barrier dysfunction, edema, and neuronal cell death, thus
increasing the necrotic region. Whereas treatment of the
primary insult is not possible, subsequent development of
the secondary event could be prevented if the possible
mediators were known. One candidate is nitric oxide (NO).
Reduced endothelial release of NO, and thus diminished
activity of the guanylyl cyclase in the vascular smooth
muscle cell, might lead to vasoconstriction and hypoperfu-
sion. To characterize the vascular NO system functionally,
we investigated the effect of bradykinin (BK) and acetyl-
choline (Ach) in middle cerebral (MCA) and basilar arter-
ies (BA) under control condition, after sham treatment,
and after a cold lesion of the cortex. Recently, it has been
shown that the vasomotor effect of both compounds is
mediated via the endothelial release of NO, that is, the
effect of BK in MCA and that of Ach in BA [1, 2].
METHODS
Three groups of male Wistar-Kyoto rats (280 to 320 g)
were investigated: untreated controls and sham-operated
and lesioned animals. Rats were anesthetized with 6.9
mg/kg body weight rompun (Bayer, Leverkusen, Germany)
and 30 mg/kg body weight ketanest (Parke Davis, Berlin,
Germany). The cold lesion was induced by placing a copper
cylinder (5-mm diameter, precooled to 278°C in acetone and
dry ice) on the intact dura for 60 seconds with the aid of a
micromanipulator. After suturing the skin, the wound was
treated with xylocaine (Astra, Berlin, Germany). At 24 or 48
hours after the cold lesion, the animals were sacrificed by
exsanguination. Ring segments of MCA and BA were pre-
pared for measurement of isometric force as described else-
where [3]. Arteries were transferred to 5-ml organ baths
containing modified Krebs-Ho¨gesta¨tt solution (in mM): NaCl,
119; KCl, 4.6; NaH2PO4, 1.2; CaCl2, 1.5; MgCl2, 1.2;
NaHCO3, 15; glucose, 10. The bath solution was bubbled
continuously with humidified 90% O2/10% CO2, pH approx-
imately 7.30 at 37°C. The ring segments were mounted on two
L-shaped wires (stainless steel, 70-mm diameter for BA;
tungsten, 50-mm diameter for MCA), one of which was
attached rigidly to the bath, the second to a force transducer.
Concentration-effect curves were constructed for the vasodi-
lation in response to BK or Ach (10 nM–10 mM) after
precontraction. Values are given as means 6 SEM.
RESULTS AND DISCUSSION
Because BK elicits only inconsistent and weak vasomotor
responses in isolated cerebral arteries with only stretched-
induced tone [4], segments were precontracted additionally
with 100 æM uridine triphosphate (MCA) or 1 mM seroto-
nin (BA). This elicited stable contractions of 1.05 6 0.03
and 3.66 6 0.35 mN, respectively, over 20 minutes. Cumu-
lative application of BK (10 nM–10 mM) elicited similar
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relative relaxation in MCA and BA (Fig. 1). Relaxation was
significant at 10 nM and higher with maxima at 1 mM of
40.9% 6 1.5% (SEM) and 40.7% 6 3.1% in MCA and BA,
respectively. For MCA, the finding is consistent with pre-
vious results [1]. Relaxation to BK in MCA segments was
not different between sham-treated and untreated animals.
Ach relaxed BA much more strongly with an Emax of 82%
6 5.8% at 1 mM (Fig. 1). MCA did not relax consistently to
Ach, in accord with previous findings [1]. After cold lesion,
the dilation to BK was diminished at 24 hours (at 1 mM from
0.7 6 0.06 to 0.4 6 0.06 mN; Fig. 2). Subsequently (at 48
hours), the relaxation to BK recovered partly (to 0.5 6 0.07
mN at 1 mM). This decrease in vasomotor activity of the
MCA after cold lesion appears to be unspecific, as it occurs
with a variety of constrictors and dilators [5] and may be
due to the spreading depression that develops after cold
lesion [6] and diminishes vascular reactivity [7]. In contrast
to MCA, BA reactivity to several stimuli is unaltered after
cold lesion. In this study also there was no difference in the
relaxation of BA segments between the cold-lesioned and
sham-treated groups to Ach (at 10 mM 2.57 6 0.26 and 2.56 6
0.27 mN, respectively). In summary, the vasodilation of MCA
by BK, which is mediated via an endothelial B2 receptor and
the release of NO [1], is diminished by 43% 24 hours after
cold lesion. After 48 hours, this damage is partly reversed.
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Fig. 1. Concentration-effect curves for bradykinin (BK) on basilar (BA)
and middle cerebral arteries (MCA) of the rat and for acetylcholine (Ach)
on the BA. Arterial rings were precontracted with 1 mM serotonin (BA) or
100 mM uridine triphosphate (MCA). Symbols are: (E) BA:ACh; (F)
BA:BK; (M) MCA;BK.
Fig. 2. Effect of cortical cold lesion on the vasodilator response of rat
middle cerebral artery (MCA) rings to bradykinin (BK). Isometric force
was measured 24 or 48 hours after cold lesion. The two lesioned groups
were compared separately, with the sham group using an unpaired t-test.
*P 5 0.015. Symbols are: (f) control; (M) sham; (p) lesion at 24 hours;
(s) lesion at 48 hours.
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